The increasing prevalence of atopic dermatitis (AD) suggests a role for environmental factors in triggering a genetic predisposition in sufferers. Objective: The purpose of this study was to investigate home environmental factors related to AD severity. Methods: We conducted a questionnaire survey about the home environmental factors in 380 children from two daycare centers and the Samsung Medical Center outpatient clinic. AD was diagnosed by Hanifin and Rajka's criteria and its severity was assessed by the Severity Scoring of Atopic Dermatitis index. Children were divided into normal control group, mild AD group and severe AD group. Home environmental factors were compared among the three groups and were statistically analyzed using analysis of variance, Chisquare test, Fisher's exact test, and multiple logistic analysis. Results: Indoor remodeling activities, such as painting (p = 0.004), floor covering (p = 0.001) and wallpaper changing (p = 0.002) were associated with severity of AD. Those in the severe AD group were more likely to live in an apartment (p < 0.001). Severe AD was observed more frequently when the monthly income of household (p = 0.027) and final educational status of mother (p = 0.001) were higher. Conclusion: Some home environmental factors were associated with AD severity, but its causal relationship is not clear. Further research is needed to confirm these associations and to clarify whether they are causative. 
IntRoduCtIon
Atopic dermatitis (AD) is a chronic, pruritic inflammatory skin disease and is one of the most common allergic diseases in children. The prevalence of AD has recently increased worldwide, with an incidence of 10-20% of children in western countries [1] . In Korea, a nationwide survey conducted among elementary school children revealed that the prevalence of AD increased from 16 .6% in 1995 to 24 .9% in 2000 [2] .
Although AD has been related with genetic factors and family history [3] , the rapidly growing incidences of AD in populations lacking any dramatic changes in their gene pools cannot be explained by genetic factors alone; complex causes including both genetic and environmental factors are thought to trigger AD [4, 5] . More exposure to house dust mites following westernization of the home environment was reported to be a risk factor for deterioration of AD [6] , another study found that indoor renovation activities seem to be associated with the risk for AD before birth and in the first years of life [7] . The humidity of a child's bedroom and also the uses of a heater or a synthetic pillow were associated with AD symptoms [5] . The presence of indoor gas use, indoor domestic pets, indoor fungi, and environmental exposure to tobacco smoke increase the risk of AD, however, the impacts of all of these factors are still controversial [8, 9] .
Although environmental factors are considered to be important risk factors for the deterioration of AD, insufficient data exist for the Korean population. In this study, we attempted to investigate the effects of home environmental factors on the severity of AD using a questionnaire survey.
MEtERIALS And MEthodS

Participants
This study recruited 380 children, including 207 from two daycare centers located in Seoul and 173 patients with AD who visited the Allergy Center of Samsung Medical Center from March 2008 to April 2010. Among these patients, children under the age of 7 years were selected because of age matching with all daycare participants. A pediatric allergist examined each child to diagnose and determine the severity of AD. AD was diagnosed using Hanifin and Rajka's criteria [10] , and the severity of AD was determined by using the Severity Scoring of Atopic Dermatitis (SCORAD) index [11] . The participants were divided into three groups: a normal control group without AD, a mild AD group with SCORAD scores less than 20, and a severe AD group with SCORAD scores of 20 and above. The numbers of participants in the three groups were 126 (33.1%), 104 (27.4%) and 150 (39.5%), respectively. This study was approved by the Institutional Review Board of Samsung Medical Center, and it was conducted after gaining written consent from the parents of the participants.
Questionnaire
After the purpose and the contents of this study were explained to the participants' parents, self-administered questionnaires were distributed. Questionnaire responses were 91.6% in the normal control group and 93.2% in the AD group. They were asked about birth history (birth weight, gestational age and delivery type), gender, past history and family history of allergic diseases (AD, food allergy, asthma and allergic rhinitis), indoor air quality (parental smoking, frequency of vacuuming and frequency of ventilation), outdoor air quality (distance to nearest major roads and facilities within 2 km of the home), home environment (type of housing, indoor renovations in the last five years and the presence of carpet, fabric sofas, air cleaners, air conditioners, humidifiers, insecticides, and indoor domestic pets), socioeconomic status (monthly family income; low: less than 2 million won, medium: from 2 million won to 5 million won, high: over 5 million won and maternal education), bedding and clothes (type of bedding, frequency of washing, types of detergents used to wash bedding, use of a bleaching agent, and use of fabric softener), water quality, and bathing habits (bathing method, type of bathing water, and frequency of bathing).
Statistic analysis
The data were collected through a questionnaire survey and physical examination and were statistically analyzed with SAS 9.1 (SAS Institute Inc., USA). We used analysis of variance, Chi-square test and Fisher's exact test to compare differences between risk factors according to AD severity. We obtained the adjusted odds ratios (aOR) and the 95% confidence intervals to analyze the risk factors related with medical history and family history of allergic diseases and home environment; we also revised the potential confounders using multiple logistic regression analysis. Chisquare tests were performed to obtain a p value to analyze home environment risks by AD severity; a p value less than 0.05 was considered to be statistically significant.
RESuLtS
General characteristics of the participants Out of the 380 children (males: 220; females: 160), all three groups had more males than females; however, no significant gender differences among the groups were found. The average ages were 47.8, 36.3 and 22.6 months in the normal, mild AD and severe AD groups, respectively. The severe AD group had the lowest average age of the three groups (p < 0.001). The differences according to birth weight, gestational age, delivery type, birth order, and number of siblings among the three groups were not statistically significant. Severe AD was observed more frequently when the monthly income of household (p = 0.027) and the final educational status of mother (p = 0.001) were higher ( Table 1) .
The prevalence of food allergy was higher in AD group, and the presence of food allergy significantly increased the risk of mild AD compared to that in the normal control group, with an aOR 3.33 (95% confidence interval (CI) 1.57-7.07) and severe AD compared to that in the normal control group, with an aOR 4.98 (95% CI 2.35-10.54).
Co-morbidity of asthma and/or allergic rhinitis (AR) was the highest in the mild AD group, and the presence of asthma and/ or AR significantly increased the risk of mild AD compared to that in the normal control group, with an aOR of 2.20 (95% CI 1.14-4.18). However, a history of asthma did not correlate significantly with AD severity. When we examined the correlation between family history of allergic diseases and AD severity, we found that participants with a family history of allergic rhinitis had a significantly higher risk of mild AD, with an aOR of 1.99 (95% CI 1.14-3.47), but a family history of AD, asthma was not significantly related with the severity of AD (Table 2) .
Correlation between home environmental factors and severity of AD Indoor renovations in the last five years, painting (p = 0.004), floor recovering (p = 0.001) and wallpaper changing (p = 0.002) were associated with a higher severity of AD. The severity of AD was significantly related with having indoor renovations (painting + floor covering + wallpaper changing) activities (p = 0.001). The frequency of carpet use was significantly low (p = 0.024) in the severe AD group, and that of air cleaner use increased with increasing severity of the disease (p < 0.001); fewer participants used insecticides (p < 0.001) and had indoor domestic pets (p = 0.018) as the severity of the disease increased. The severity of AD was not significantly related with having bought new furniture or electronics in the last 12 months or with the presence of fabric sofas, humidifiers, air conditioners, indoor mold, and indoor plants (Table 3) .
When we investigated the correlation between the types of housing and the severity of AD, we found that most of the normal control group (48.4%) and the mild AD group (46.1%) lived in row houses, while 78.0% of the severe AD group lived in apartments. The differences between the normal and the severe groups (p < 0.001) and between the mild and the severe groups (p < 0.001) were significant. For parental smoking, frequency of vacuuming, frequency of ventilation, distance to major roads with four or more lanes, and presence of facilities around the home did not provoke any significant differences in correlation with AD severity. However, 60.0% and 80.7% of the severe AD group lived in homes that were vacuumed daily or ventilated daily, respectively, and their rates of AD were higher than those of the other two groups having less frequent ventilation and vacuuming (Table 4) .
Frequency of washing bedclothes was increased in the severe AD group (p < 0.001), and the use of bleaching agents (p = 0.001) and fabric softeners (p < 0.001) decreased with higher AD severity. For type of bathing water, the participants with higher AD severity tended to use soft water more often than hard water (p < 0.001) (data not shown).
dISCuSSIon
This study showed that some home environmental factors were associated with AD severity. Indoor renovations in the last 0.67 (0.39-1.15) AD, atopic dermatitis; AR, allergic rhinitis; OR, odd ratio; CI, confidence interval. Chi-square test was used to assess the differences among the three groups, and multiple logistic regression analysis was used to assess the relationship between the atopic dermatitis severity participants and each of the parameters. five years, painting, new floor covering, and wallpaper changing increased AD severity significantly. Our results were consistent with the finding of another study that participants experiencing recent indoor renovation (including painting, floor covering and new furniture) showed a high odds ratios of 1.9 (95% CI 1.4-2.7) for eczema [7] . Current studies on indoor remodeling of buildings and apartments reported that inflammatory response mediators such as interleukin (IL)-8 and monocyte chemoattractant protein-1 in children's blood increased when renovations were conducted [12] , that more exposure to indoor volatile organic compounds was related with differentiation of T cells into the Th2 type [13] , and that volatile organic compounds crossed the placenta to reach the fetus and then affected the fetal immune system by increasing IL-4 and reducing interferon-γ [14] . In addition, other studies have reported that exposure to volatile organic compounds could damage the epidermal barrier and enhance adverse effect of house dust mite on sensitized subjects with AD [15] . The results of this study were consistent with previous studies which showed that indoor renovations increased the risk for AD and allergic diseases [7, 16] . For the home environment, we found that more patients in the severe AD group lived in apartments; this finding agreed with another study that reported children who moved from detached dwellings to apartments experienced more allergic symptoms in their new environments [17] . According to the 2005 population and housing census data, the number of apartments increased rapidly from 3,455,000 (37.5%) in 1995 to 5,231,000 (47.7%) in 2000 and increased to include more than half of families/individuals by recording 6,616,000 (52.5%) in 2005 in Korea [18] . This change in home environment has been assumed to increase the prevalence of AD and allergic diseases. In this study, we found the association between indoor renovations or living in an apartment with AD severity, but not the causality due to the limitations as a crosssectional study.
In our study, carpet use, insecticide use and indoor domestic pets were the least frequently found in the severe AD group. Carpet is a source of indoor dust and volatile organic compounds, and the dust in carpet is known to include organic and inorganic compounds, heavy metals and various types of microorganisms [19] . Children living in houses with carpet showed an increased risk of sensitization to house dust mites [20] and a higher risk of asthma or AD [21, 22] . Insecticide exposure has been reported to increase the risk of respiratory and allergic diseases like asthma [23, 24] ; however, the correlation between indoor pet exposure and occurrence of allergic diseases is still controversial. Some studies have reported that exposure to indoor pets, such as cats or dogs, within one year after birth declined the risk of sensitization to the allergen and prevented the occurrence of AD [3, 25] , while in another study pet allergen exposure increased the risk for AD [26] . AD, atopic dermatitis.
However, our findings appeared to show reverse causality. In other words, the parents of the children with severe AD were more likely to avoid potential aggravating factors in their environment. This is supported by the fact that uses of air cleaners and soft water as bathing water were more frequently found in children with severe AD than mild AD [27, 28] . Severe AD was observed more frequently when the monthly income of household and the final educational status of mother were higher. Several studies showed a strong association between parental social class and children's incidence of AD with increasing frequency in privileged classes [29] . It was suggested that cross-infections in early childhood between siblings in large, underprivileged families may play a protective role for the manifestation of AD, and conversely, children of privileged social classes are much more likely to suffer from AD [30] .
Our results should be carefully interpreted because of its limitations. First, some changes in home environment were found to be related with AD severity, but their causality was difficult to determine due to the limitations of cross-sectional study. Second, as most of the participants resided in Seoul, their differences in indoor and outdoor environment might not be so large as to result in statistical significance. Third, environmental factors were assessed indirectly through a questionnaire, so in this study there was no direct evidence to prove the relationship between indoor air pollutants and AD severity. Lastly, the questionnaire did not include the question on the final educational status of father. Thus, there might be a bias in evaluating the association between parental education status and AD development. However, lack of information about paternal education status would not skew our conclusion because the final educational status of father is generally similar to or higher than that of mother.
In conclusion, some home environmental factors were associated with the deterioration of AD. In particular, indoor renovations in the last five years and changes in home environment from a detached dwelling to an apartment were associated with AD severity. However, their causality was not clearly elucidated, so further prospective studies are necessary.
